Using serum samples obtained from normal individuals who had not received heparin injection, we investigated the relationship of lipoprotein lipase (LPL) to lipid and apolipoprotein concentrations in serum. For the measurement of LPL concentration, a highly sensitive enzyme-linked immunosorbent assay (ELISA) was developed, in which the lowest detection limit was 9 J.!g/L. The mean (SD) serum LPL concentration was 50·7 (14'9) fLg/L (n = 240). It was lower in men [45'5 (14'0) fLg/L in men and 56·0 (13·9) fLg/L in women]. Serum LPL concentration correlated positively with high-density lipoprotein cholesterol (HDL-C, r=0'549) and apolipoprotein AI (apoAI,, and inversely with triglycerides (r= -0·423). Our results suggest that serum LPL may be a factor in the modulation of HDL-C and triglyceride concentrations in normal subjects.
Lipoprotein lipase (LPL), which hydrolyses triglyccrides contained in very low-density lipoprotein (VLDL) and chylomicrons, is one of the endothelial enzymes. 1 In addition to involvement in triglyceride-rich lipoprotein metabolism, LPL also affects high-density lipoprotein (HDL) metabolism." 4 The hydrolysis of triglycerides contained in VLDL and chylomicrons by LPL is known to be essential for the HDL particle maturation process in which cholesterol and apolipoproteins are transferred to HDL particles as surface components.> The importance of LPL in HDL metabolism has been recognized because of the fact that patients with LPL deficiency show low HDL-C and high triglyceride concentrations.v? Moreover, the LPL activity in post-heparin plasma correlates positively with the HDL-C level." 10 From a clinical point of view, high triglyceride and low HDL-C concentrations are related to the progress of atherosclerosis and serve as risk factors for coronary heart disease.":" 14 The change in LPL concentration in post-heparin plasma, which presumably reflects the pool of functional LPL at the endothelial surface, in relation to lipid components such as triglycerides and cholesterol has been studied in detail. However, there are only few reports on the behaviour of LPL in serum. In this study, we investigated the relationship between serum LPL, lipids, apolipoproteins and Lp(a), using serum samples collected from healthy subjects who had not received heparin injection.
MATERIALS AND METHODS

Samples
The serum samples were collected from healthy subjects in the age groups 20-29, 30-39, 40-49, 50-59, 60-69 and 70-79 years after an overnight fast. Each age group consisted of 40 subjects (20 of each gender). All serum samples were kept at -30°C until the assay.
LPL measurement
Serum LPL measurements were performed using a commercially available enzyme-linked immunosorbent assay (ELISA) kit (LPL ELISA DAIl-CHI, Daiichi Pure Chemicals, Tokyo, Japan). This kit uses antibovine milk LPL monoclonal antibody, reported by Kobayashi et al., 15 as the capture antibody. Anti-LPL polyc1onal antibody raised in chickens by immunization with purified bovine milk LPL was used as the second antibody. Using the same combination of antibodies, a positive correlation between LPL mass and activity in postheparin plasma has been demonstrated. IS Samples were diluted I : 30 with 25 mrnol/L phosphate buffer (pH 7,2) containing 1 rnol/L NaC!. Fifty microlitres of diluted sample and standards were added to the microwells, and the plate was incubated for 2 h at room temperature and washed three times with 350 ilL of the washing solution [10 mrnol/L phosphate buffer (pH 7,2) containing 0·05% Tween 20 and 0·15 rnol/L NaCI]. Then, 50 ilL of anti-LPL polyc1onal antibody was added and the plate was incubated further for I h at room temperature. After another wash with the washing solution, 50 ilL of peroxidase-conjugated anti-chicken goat IgG was added to the microwells, and the plate was incubated for I h at room temperature. After three washings, 50 ilL of the substrate solution containing 0·3% o-phenylenediamine-2HCI and 0·003% H 202 was added, and the plate was incubated for 15 min at room temperature. Then, 50 ilL of 0·75 mol/L H 2S04 was added. The intensity of colour that developed was read by a microtitre plate reader (Toso MPR-A4i, Tokyo, Japan); the absorbance was proportional to the concentration of LPL in the sample.
Lipids and apolipoprotein measurements
HDL-C concentration was measured enzymatically by the homogeneous method." Total cholesterol and triglyceride concentrations were measured enzymatically. LDL-cholesterol (LDL-C) concentration was calculated using the Friedewald formula.'? ApoAI, apoAII, apoB, apoCII, apoCIII, and apoE concentrations were measured by immunoturbidimetric assays. Lp(a) concentration was measured by the latex-enhanced turbidimetric assay. All reagents used in this study were from Daiichi Pure Chemicals (Tokyo, Japan). Measurements were performed with a Hitachi 717 analyser (Tokyo, Japan).
RESULTS
The detection limit of the LPL assay was 91Ig/L, based on the mean (3 SD) in six replicate assays of a blank sample. When samples of 37-4 and 53·7 Ilg/L LPL were measured (n = 8), intraassay CYs were 3·2% and 2·0'Yo, respectively. The inter-assay CYs were 8·2% and 6·9%, respectively, with the same samples (n = 7). Cross-reactivities were not observed with human hepatic lipase and pancreatic lipase but were observed with LPL in rat post-heparin plasma (data not shown).
The mean (SD) serum LPL in all subjects was 50·7 (14'9) Ilg/L and it was significantly different between men and women (P<0·005, see Table  1 ). Women also had higher concentrations of serum HDL-C and apoAI than did men. A gender difference in the serum LPL concentration was observed in the age groups 30-39, 50-59 and 70-79 years (P < 0'05) (see Table 2 ). Values are expressed as mean (SO) except Lp(a), which in given as the geometric mean.
Since the distribution of Lp(a) concentrations was skewed, values were log transformed prior to analysis.
Significant gender differences were also seen in HDL-C, triglycerides, LDL-C, apoAI, apoCII and apoCIII concentrations (see Table 2 ).
When the values of serum LPL and other lipid parameters for men in the older groups (aged 50-79 years) were compared with those in the younger groups (aged 20-49 years) (see Table 3 ), no significant difference was observed, except for apoAII in men. In contrast, the serum LPL and HDL-C concentrations in women in younger groups (aged 20-49 years) were higher than those in older groups (aged 50-79 years) (see Table 3 ).
Strong correlations were found in all age groups between serum LPL and HDL-C (Fig. I) , apoAI and triglycerides, and to a lesser extent with apoB, apo CII and apoCIIl (see Table 4 ). No significant correlation was observed between serum LPL and total cholesterol, LDL-C, apoAII, apoE and Lp(a), except for apoE in men. The degree of correlation between LPL and the lipid parameters differed significantly with age (see Table 5 ). The positive correlation between serum LPL and HDL-C or apoAI was stronger in the younger groups (aged 20-49 years) than in the older groups (aged 50-79 39 (18) 25 (12) 39 (17) years). In contrast, the inverse correlation between serum LPL and triglycerides, apoB, apoClI or apoClI! was stronger in the older groups (aged 50-79 years) than in the younger groups (aged 20-49 years), except for apoB in women.
DISCUSSION
This study shows the relation between LPL and other lipid parameters in serum specimens
Ann cu« Biochem 1998: 3S collected before administration of heparin. LPL activity in post-heparin plasma is known to relate directly to both HDL-C and triglyceride concentrations." III However, little is known about the role of LPL in serum and preheparin plasma in lipoprotein metabolism because there are technical difficulties in detecting the LPL activity in preheparin plasma. IS To resolve these technical problems, we used a sensitive ELISA kit capable of quantifying LPL in serum.
We found a strong positive correlation between serum LPL and HDL-C in healthy subjects (Fig. I) . Although we did not compare serum LPL with post-heparin plasma LPL of the same subjects, the relation between serum LPL and HDL-C in our study resembled the relation between post-heparin plasma LPL activity and HDL-C, which was established in previous studies." 10 These results raised the possibility that serum LPL concentration might reflect an LPL function associated with the luminal side of capillaries and arteries, Regarding gender differences (see Tables I  and 2 ) and age-related changes (see Tables 3 and  5 ), a similar tendency was found for the concentration of serum LPL, HDL-C and apoAI. These findings suggest that serum LPL, HDL-C and apoAI concentrations may be influenced by similar environmental factors, In addition to the association with these antiatherogenic parameters, serum LPL correlated inversely with triglyccrides, apo B, apoCII and apoCIII (see Table 4 ), suggesting that serum LPL might be an anti-atherogenic parameter.
Blades et at,' reported that a low LPL activity and a high hepatic lipase activity in post-heparin plasma contributed to low HDL-C concentrations in both norrno-and hypcrtriglyceridacmic subjects. Also, Reymcr et al. ' ? showed that the Asn291Ser mutation in the LPL gene, which resulted in a significant decrease in the LPL catalytic activity, was associated with significantly reduced HDL concentrations. These data suggest the importance of LPL in the regulation of serum HDL-C concentration. Recently, Tornvall et al." 1 reported a positive correlation between the LPL concentration in pre-and postheparin plasma and the HDL-C concentration in patients with coronary heart diseases, However, no significant correlation was observed between preheparin plasma LPL and HDL-C concentration in control subjects. III In contrast, our results suggest that a low serum LPL might relate not only to high triglyceride concentrations but also to low HDL-C concentrations. Thus, these findings raise the possibility that the serum LPL concentration affects the risk of coronary heart disease in patients with low HDL-C and elevated triglycerides. The fact that women who have higher concentrations of serum LPL and HDL-C and a lower concentration of triglycerides (see Table I ) also have a lower incidence of atherosclerosis than men supports this hypothesis.
Our findings provide evidence that serum LPL might be a major determinant of HDL-C concentration and that its measurement might be indispensable for investigation concerning the regulation of HDL-C.
